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1. Introduction
  Dengue (DF) and dengue hemorrhagic fevers (DHF) are the 
vector-borne diseases of public health importance in the 
temperate, subtropical, and tropical region of the world[1-3]. 
In Thailand, the first case and the outbreak were observed 
in 1949 and 1958, respectively[4]. Subsequently, these 
diseases have spread gradually throughout Thailand and 
the trend of incidence has continued to increase.  In this 
study we focused on the DF/DHF in Phitsanulok Province 
not only because DF/DHF cases have been reported 
annually in many areas, but also because this province is 
currently known as a strategic location where the Indo-
China intersection and it will be one of the centers of 
economic and social communications of ASEAN Economic 
Community of Thailand in 2015. Therefore, the prevention of 
disease outbreaks is primary public health missions in this 
province. 
  The main problem of vector-borne disease outbreaks 
is the insecticide resistance of the vector.  Aedes aegypti 
(Linnaeus, 1762) (Ae. aegypti) is recognized as the main 
vector of DF/DHF in tropical and subtropical region. For 
control program, many synthetic insecticides have been 
applied to control the Aedes populations. Organochlorines 
(DDT), organophosphates (temephos, fenitrothion, malathion, 
and chlorpyrifos), carbametes (propoxur, pirimiphos-
methyl, and bendiocarb) and pyrethroids (permethrin, 
deltamethrin, lambda-cyhalothrin, and etofenprox) are 
the insecticides that have been used for controlling Aedes 
mosquitoes in Thailand[5]. DDT has been used to control 
Aedes mosquito since the first DHF outbreak in Thailand 
found. After that, the first report of DDT resistance in Ae. aegypti
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in this country was published[6]. During 1986-1993, the 
resistance of Ae. aegypti to temephos, malathion, and 
fenitrothion was continuously reported from many regions 
of Thailand[5]. Up to date, the resistance of Ae. aegypti 
to insecticides, including temephos, DDT, permethrin, 
deltamethrin, have been reported from several areas of 
Thailand[7-11]; however, no information for Phitsanulok 
Province was found.
  Therefore, the objective of this study was to determine 
the current susceptibility of the Aedes larvae and adults 
collected from the areas, found the high incidence of DF/
DHF cases of Phitsanulok Province, to three currently 
used insecticides including temephos, permethrin 
and deltamethrin. The information on the insecticide 
susceptibility rate of the mosquito will be useful for selecting 
the appropriate insecticide and their concentrations that 
provide the most effective for Ae. aegypti controlling in these 
areas.
2. Materials and methods
2.1. Collection sites
  During November - December 2010, Aedes mosquito 
larvae were collected from five sub-districts in Muang 
district of Phitsanulok Province, Thailand. The collection 
sites included Aranyik (N 16o 48.064’ E 100o 16.525’), Hua 
Ro (N 16o 51.386’ E 100o 16.410’), Nai Muang (N 16o 44.447’ 
E 100o 14.712’), Ban Krang (N 16o 52.601’ E 100o 11.744’) 
and Tha Pho (N 16o 46.478’ E 100o 10.071’) sub-districts. 
According to vector-borne disease annual report 2009-
2010 of Phitsanulok Provincial Health Office, Muang district 
was found to have the highest number of DF/ DHF cases in 
Phitsanulok. The five selected sub-districts were the top five 
in the list of the areas where DF/ DHF cases were detected. 
2.2. Insecticide source
  The temephos solution and the permethrin and 
deltamethrin impregnated papers were purchased from 
Vector Control Research Unit, Penang, Malaysia.
2.3. Mosquito collection and colonization
  Aedes larvae were gently collected from their breeding 
habitats using plastic pipettes and transferred into a plastic 
cup. The collected larvae were maintained in the laboratory 
at Department of Microbiology and Parasitology, Faculty of 
Medical Science, Naresuan University. The emerging adults 
were identified morphologically following the illustrated 
keys to the mosquitoes of Thailand [12]. Ae. aegypti mosquito 
from each site were pooled and transferred into a mosquito 
cage (30 cm 伊 30 cm 伊 30 cm). They were fed with 5% sugar 
mixed with 5% multivitamin syrup solution. After emerging 
for 2-3 days, they were fed on a blood meal by using an 
artificial membrane feeding technique [13]. After the blood-
fed female became gravid, they were allowed to lay eggs 
on a filter paper in the rearing cage. Filter paper found 
eggs on was transferred to a plastic tray filled with the tab 
water for larval hatching to produce F1 progeny. The larvae 
were daily fed with the crushed dog biscuits. The third to 
fourth instar larvae from each sub-district were used for 
larval susceptibility test. The remaining larvae were reared 
until they became adults, then only the mosquito females 
were subjected to test for permethrin and deltamethrin 
susceptibility.
2.4. Bioassays 
2.4.1. Larval bioassay
  This assay was designed to evaluate susceptibility of
Ae. aegypti larvae to temephos. Late third or early fourth 
instar larvae were exposed to several concentrations 
of temephos following the procedure of World Health 
Organization [14]. One mL of temephos with the concentration 
1.25, 6.25, 31.25 or 156.25 mg/L was dispensed in 249 mL 
of tap water in a plastic cup (7 cm in diameter and 5 cm 
in depth), resulting in temephos final concentrations of 
0.005, 0.025, 0.125 or 0.625 毺g/mL, respectively. After that, 
25 larvae were gently transferred into each cup. Absolute 
ethanol was used as a control reagent. Four replicates per 
concentration and two control replicates were done. All the 
containers were held in a laboratory at room temperature. 
After 24 hour-exposing time, the mortality rate was 
recorded. Mortality of larvae was detected by lightly stirring 
them with a needle. Unmoved larvae were recorded as dead. 
Probit analysis was used to calculate the lethal concentration 
50 (LC50) and resistance ratio[15] by using the software Ldp 
Line (http://embakr.tripod. com/ldpline). The lowest LC50 
was selected to be a baseline for comparing resistance level 
among studied areas.
2.4.2. Adult bioassay
  The objective of this assay was to determine the 
susceptibility of Ae. aegypti adults to the permethrin and 
deltamethrin. The experiment was carried out according to 
the recommended protocol of World Health Organization[16]. 
A group (25 adults) of F1 unfed with blood females (2-3 
days old) from each area was exposed to 0.75 % permethrin 
or 0.05% deltamethrin impregnated papers for 1 hour in 
an exposure tube and this tube was held vertically in 
the laboratory at room temperature. Paper without any 
insecticide was used as a control. Twelve replicates of each 
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insecticide and four control replicates were used in this 
study. The knock down rate of each replicate was recorded 
after 1 hour-exposing time. After that, the mosquitoes 
were transferred into a resting tube and provided with 
5% sugar solution and kept at room temperature with 
~70% relative humidity. The mortality rate was recorded 
after 24 hour-exposing time. The mortality rates of the 
adult mosquitoes were interpreted to susceptibility rate 
following the interpretation guideline of World Health 
Organization recommendation: 98%-100% mortality indicates 
susceptibility; 80%-97% mortality suggests the possibility of 
resistance; and < 80% mortality suggests resistance[16].  
  For both larval and adult bioassays, when the mortality 
rate in the control groups was over 5%, but less than 20%, 
correction of the mortality rate was made by applying the 
Abbott’s formula[17]. When the mortality rate in the controls 
was over 20%, the tests were discarded. 
3. Results
  The summary result of the larval bioassay is demonstrated 
in Table 1. LC50 of temephos for Aranyik, Hua Ro, Nai 
Muang, Ban Krang, and Tha Pho larvae were 0.017, 0.017, 
0.026, 0.061, and 0.113 毺g/mL, respectively. Moreover, the 
resistance ratio revealed that Tha Pho larvae were more 
resistant to temephos with 6.65 times than Aranyik larvae 
while the resistance ratio of Ban Krang and Nai Muang 
larvae compared to the Aranyik ones were only 3.59 and 1.53 
times, respectively (Table 1). 
  The results of the adult bioassay are summarized in Table 
2. For permethrin susceptibility test, the knock down rates 
and the mortality rates were ranging 14.34%-62.17% and 
16.00%-86.84%, respectively. The mosquito from Aranyik 
provided the highest of knock down (62.17%) and mortality 
(86.84%) rates while these parameters for the mosquitoes 
from other areas were lower (Table 2). All the results 
indicated that the mosquitoes from all areas were resistant to 
permethrin. According to the classification of WHO, only the 
mosquitoes from Nai Muang and Aranyik sub-districts was 
susceptible to deltamethrin with knock down and mortality 
rates 96.33%-98.67% and 98.00%-98.67%, respectively. In 
contrast, the others showed the possibility of resistance with 
knock down and mortality rates 82.84%-96.67% and 82.34%-
96.67%, respectively. Among those, the mosquitoes from Tha 
Pho were more tolerant to deltamethrin than the ones from 
Ban Krang and Hua Ro with the lower of knock down and 
mortality rates (Table 2).
4. Discussion
 
  DH and DHF have been recognized as seriously vector-
borne disease worldwide. Control programs for limiting the 
population of the vector, are necessary especially when 
the outbreak occurs. Applying insecticide is the primary 
method to control the outbreak. Based on the results of 
this study, F1 larvae from all the areas were susceptible to 
temephos because all of them died after the contact with 
0.625 1 毺g/mL temephos. This concentration is below the 
Table 1
Temephos susceptibility of F1 progeny of Ae. aegypti larvae from five collection areas.
Temephos
concentration
 (毺g/mL)
Aranyik Hua Ro Nai Muang Ban Krang Tha Pho
% 
Mortality
LC50
(毺g/mL)
RR*
% 
Mortality
LC50
(毺g/mL)
RR*
% 
Mortality
LC50
(毺g/mL)
RR*
% 
Mortality
LC50
(毺g/mL)
RR*
% 
Mortality 
LC50
(毺g/mL)
RR*
0.005     1.04 0.017 1.00     1.56 0.017 1.00     1.11 0.026 1.53    2.47 0.061 3.59   2.57 0.113 6.65
0.025   62.50   76.63   48.48    9.10   6.72
0.125 100.00 100.00 100.00   87.20 46.57
0.625 100.00 100.00 100.00 100.00 96.97
Control 0 0     2.22      1.85 0
* Resistance ratio (RR) compared with LC50 of larvae from Aranyik sub-district. 
Table 2
Permethrin and deltamethrin susceptibility of F1 progeny of Ae. aegypti adult from five collection areas.
Area
(sub-districts)
0.75% Permethrin 0.05% Deltamethrin
Knock down rate 
(%)
Mortality rate 
(%)
Interpretation Knock down rate
(%)
Mortality rate 
(%)
Interpretation
Aranyik 62.17 86.84 Possibility of resistance 98.67 98.67 Susceptible
Hua Ro 33.67 36.67 Resistance 96.67 95.67 Possibility of resistance
Nai Muang 39.34 42.67 Resistance 96.33 98.00 Susceptible
Ban Krang 15.67 16.00 Resistance 96.33 96.67 Possibility of resistance
Tha Pho 14.34 21.50 Resistance 82.84 82.34 Possibility of resistance
Control* - 0 - - 0 -
* No dead Ae. aegypti adult was found in the control groups of both insecticide bioassays.
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recommendable concentration, 1毺g/mL, for using to control 
the Aedes larvae in the household water container[18]. 
Therefore, temephos is still the effective insecticide 
for controlling Ae. aegypti larvae in these areas. The 
susceptible of Ae. aegypti larvae to temephos was previously 
reported from many areas in Thailand, including Ubon 
Ratchathani, Sri Sa Ket, Yasothon, Amnat Charoen, Kalasin, 
Nonthaburi, Ratchaburi, Nakhon Sawan, Kamphaeng Phet, 
Nakhon Ratchasima, Buri Ram, Surat Thani and Bangkok
Provinces [8,11,19]. Conversely, the resistance to temephos 
was found in Ae. aegypti larvae from some areas of 
Thailand, such as Tak (Mae Sot), Mukdahan, Nakhon Sawan, 
Phatthalung, Sakon Nakhon and Surat Thani Provinces[8,20]. 
Although the mosquito larvae from all the areas of our study 
were susceptible to temephos, the larvae from Tha Pho 
sub-district showed the lowest mortality rate in all tested 
temephos concentrations when compared with other areas. 
Therefore, it is possible that Ae. aegypti from Tha Pho sub-
district may develop insecticide resistance rapider than the 
others or to develop cross-resistance to other insecticides 
as found in the previous studies[21-24]. In terms of the knock 
down rates and the mortality rates from the adult bioassays, 
F1 females from all studied areas were more resistant to 
permethrin than to deltamethrin. Moreover, we were able to 
find the susceptibility of mosquitoes to deltamethrin only in 
two areas (Aranyik and Nai Muang sub-districts). Therefore, 
an alternative choice of insecticides or other control 
measures to control Ae. aegypti adults should be studied and 
applied in these studied areas immediately.
  The mosquitoes collected in Tha Pho sub-district had 
the lowest mortality rates for both insecticides. This result 
indicated that the mosquitoes from this area were stronger 
and more tolerance to the insecticides than the other four 
studied areas. It might be due to the difference of land 
use types. Only Tha Pho sub-district is an agricultural 
area with the rice cultivation fields, while the others are 
the residential areas. For the agricultural management, 
insecticides have been frequently applied for controlling 
pests resulting with pesticide residues contaminated in 
the environment [25-28]. Consequently, the native insects 
including the mosquitoes could probably be affected by 
this operation. The continuous receiving of various types 
and concentrations of the contaminating insecticides and 
their residues might be the cause of the development of 
multi-resistant to the insecticides in the mosquito vectors 
as was found in many countries, including Thailand[29-31].
Therefore, the intensive study in Tha Pho sub-district 
should be performed in the future. Moreover, the use of 
ineffective concentrations of insecticides in control program 
can also cause the development of insecticide resistance in 
mosquito vectors. Adaptation behavior when the mosquitoes 
contact with un-lethal dose of insecticide was reported 
as one of the important factors for developing insecticide 
resistance mechanisms. The previous studies found that 
after growth of several generations under the selective 
pressure of temephos, the resistance ratio for the insecticide
of Ae. aegypti offspring increased[21,24,32-34]. To prevent 
insecticide resistance in mosquito from inadequate 
application with un-lethal dose applying, the evaluation 
of the insecticide susceptibility status of the vectors in a 
small area should be studied. Moreover, the preliminary 
susceptibility tests for the currently used insecticides should 
be conducted. It will allow selection of the most effective 
chemicals and their concentrations before applying any 
insecticides on a large scale. 
  The results of this study confirmed that one of the important 
factors in DH/DHF outbreaks in these areas were from the 
insecticide resistance in Ae. aegypti adults. However, other 
factors such as insecticide-applying methods, community 
education, social mobilization and communication are also 
important and should be studied further. Moreover, it is 
necessary to survey and evaluate regularly the data on the 
insecticide susceptibility of the vectors in each particular 
area in order to prevent the developing of the vectors 
insecticide resistance.
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